Introduction
Innovation and change in technology has been advancing at a historically unprecedented pace. Yet universities struggle to equip students with the knowledge, skills, and mindsets that will help them succeed as part of the workforce and tackle the world's big challenges.
Students have great potential for influencing and accelerating change in higher education through peer outreach, institutional advocacy, and the creation of new learning opportunities designed in parallel and in concert faculty and administrators. Yet they remain a largely untapped resource.
The UIF Program
Since 2013, the University Innovation Fellows (UIF) program has been activating students as change agents in the United States. Cultivated as an initiative of the NSF-funded National Center for Engineering Pathways to Innovation (Epicenter), which is managed by Stanford University and the VentureWell, the program has developed an immersive training and a multi-campus community of practice that equips students with the knowledge, skills, and mindsets to act as strategic thinkers and change agents. The UIF program trains students to become as conversant about the campus innovation and entrepreneurship ecosystem as their faculty and administrative counterparts. Leveraging a custom hybrid model that combines experiential online training with in-person events, the program exposes students to design thinking and lean startup techniques, as well as a campus asset mapping tool called the "landscape canvas" and knowledge of program models and assets that support innovation in academia.
The UIF program taps students' intrinsic motivation to learn, draws on their unique interests/ passions, and exposes them to a broad set of global resources, as well as skillsets and mindsets. In doing so, the UIF program has systematically empowered teams of students to create new learning opportunities that expose hundreds and thousands of their peers to creativity, innovation and entrepreneurship. What began in Engineering (because of the focus of Epicenter) spread to Computer Science (CS) and many other disciplines and majors. The program has appealed to a diverse set of schools and regions across the US, and as a result, Fellows have reached an equally diverse population of peers to equip them with the skills and mindsets needed to enter the workforce of the 21st century.
Students apply to become University Innovation Fellows either individually or in teams of up to 5 members (called "Leadership Circles"). They must have a faculty sponsor and their institution pays a fee towards the 6-weeks online training and participation in the Silicon Valley in-person training. Leadership Circles additionally require a letter of support from the institution's president or provost. Two cohorts of candidates (Fall and Spring) go through the online training each year, and upon completion of the training deliverables, they are launched as Fellows and come together for a 3-day Meetup in Silicon Valley, which includes a full day of activities at Google and 2 days at Stanford's Hasso Plattner Institute of Design (aka d.school). To date there have been over 600 Fellows trained in 9 cohorts.
Evaluation Questions
The purpose of this study is to explore how to evaluate a student change program in which both students and an institution are effected. Annual and alumni surveys suggest both Fellows and their Faculty Sponsors find students to be an effective resource for making campus based change. This paper will explore the following evaluation questions:
EQ1: How can a student training program define success at the individual and institutional level? ▪ What personal, programmatic and contextual factors correlate with success? EQ2: What is the value to faculty of students as change agents for expanding the I&E ecosystem on a campus?
Methods and Data Sources
The following section describes the data sources that were used and how each contributed to the analysis.
Data sources Fellow Survey
In May 2015, an annual on-line survey was administered to the sixth and seventh cohorts (C6 & C7) of the University Innovation Fellows program. This survey was designed to capture Fellow activity, perceived preparedness, value of the training, and program satisfaction. C6 was approximately 7 months out of training and C7 was 2.5 months out of training. There were closed and open-end questions included in the survey. All 176 Fellows were invited to respond to the survey which asked for demographic background, experience in the training, their perceived success as Fellows, and their achievements to date. Names were asked for tracking purposes and students received individual reminders to complete the survey. A total of 133 Fellows responded to the survey, yielding a response rate of 76%. There were 64 unique institutions represented in the student respondent population.
Faculty sponsor survey
During the same May 2015 timeframe, Faculty Sponsors supporting C6 or C7 Fellows were sent an annual survey in which they were asked about their background characteristics, experience in the program, the success of their Fellows, and the impact of the Fellows on the institution. There were closed and open-end questions included in the survey. There were 66 respondents representing 50 institutions. For situations in which there was more than one Sponsor per Fellow, application records were consulted and only the "Primary Sponsor" was included in the analysis. Sponsors were not asked about any specific Fellow; all Sponsors had at least one Fellow in C6 or C7, and many had multiple Fellows and/or Fellows from cohorts one through five.
Institutional data
For each participating institution, a unique set of Institutional-level variables was created through Fellow and Sponsor survey data. Variables were created from the student data by averaging the Fellows' responses, accepting any "yes" response to establishing space, infrastructure or resource and influence, and including all open-end comments. Institutional characteristics such as size, selectivity, and degrees offered were also drawn from the IPEDS database managed through the National Center for Education Statistics, UIF, and Epicenter program records.
Analytic Methods

Factor analysis to create success variables
Understanding the impact of the UIF program requires creating definitions for success, for both the individual and for the institution. For individuals, the success model includes an increase in knowledge and skills, commitment to making change, and evidence of influence on campus.
Evidence of successful participation at a campus level is more challenging given the variability between institutions. The campus ecosystem for I&E may be emerging or it may have significant momentum. Likewise, the size and type of school may influence how success is recognized. To measure the effect of UIF at an institution, respondents completed survey questions that measure engagement through perceived influence on stakeholders and sustainable change reported as establishing spaces, resources or other infrastructure and attracting outside and/or internal investment to expand I&E offerings on campus.
A factor analysis was conducted to measure success at the individual level by using Principal Components Analysis as the extraction method. Items for the success construct, consisting of three questions from the UIF annual survey that mapped onto the success model, used a 1-5 Likert scale (1 = not at all  5= extremely). The corresponding factor loadings for each question are shown below (Table 1) . .853
In addition, Cronbach's alpha was determined to measure the internal consistency of the three items. The alpha coefficient for the three items was .711, suggesting that the items can be related as a group. The responses to these three questions were made into one construct by taking the average score across items. A score of 5 was considered to be "highly successful" a score of 3 to 4.9 was considered "medium success" and a score below 3 was indicative of "low success." There were 37 individuals who were successful, 53 with medium success and 42 with low success.
The Sponsors corroborated the general finding that the Fellows understand the I&E landscape of the campus (Table 2) . Converting responses to binary variables and when more than one Fellow, taking the average of all Fellows' responses on campus allowed for the derivation of constructs. These variables were then converted to binary measures of successful/not successful using a threshold of 3.5 (4.5 for item f, successful influence on other students) or evidence that there was an event, space, or infrastructure established.
These questions resulted in constructs for investment, influence, and space-resourceinfrastructure. By ranking institutions on a high-medium-low scale for each of the constructs and doing a cross-tabulation comparison of each construct, the schools were categorized into three levels of success. There were 17 institutions at the high success level, 24 institutions with medium success and 24 institutions with low success.
Analysis and Results
About the participants
The UIF program attracts a diverse group of participants. Table 3 provides an overview of the demographics of the Fellow survey respondents: Sponsors are a more diverse group in terms of department and position. Table 4 provides an overview of the Sponsor demographics. Sponsors oversee 1 to 9 Fellows, but the mean and median are both 3. 
EQ1: Factors associated with individual Fellows' success
Students are exceptional upon entry
A partner arm of the Epicenter project has been conducting national research on the entrepreneurial mindset of engineering students through a survey of junior or senior engineering majors 1 . Constructs were developed for Innovation Self-Efficacy, and Career Goals: Innovation work (Figure 1 ).
Figure 1: Engineering Major's Survey Constructs Innovation Self Efficacy Construct
Career Goals: Innovation work construct
How confident are you in your ability to do each of the following at this time?
-Ask a lot of questions -Generate new ideas by observing the world -Experiment as a way to understand how things work -Actively search for new ideas through experimenting -Build a large network of contacts with whom you can interact to get ideas for new products or services -Connect concepts and ideas that appear, at first glance, to be unconnected
How important is it to you to be involved in the following job or work activities in the first five years after you graduate?
-Searching out new technologies, processes, techniques, and/or product ideas -Generating creative ideas -Promoting and championing ideas to others -Investigating and securing resources needed to implement new ideas -Developing adequate plans and schedules for the implementation of new ideas -Selling a product or service in the marketplace
Constructs are calculated taking the sum of the score (value of the Likert scale 0-4) across all items and dividing by maximum score.
Constructs were not developed in time for the survey of cohorts 6 and 7, but we can compare the Fellows in cohorts 8 and 9, trained in 2015-2016 and quite similar to the C6 and C7 Fellows, with the national sample (Table 6 ). Comparisons are made between the national sample and C8 and C9 Fellows and also for the Fellows in C8 and C9 who are of junior status and engineering majors (to be consistent with the national sample population).
The UIF students come into the program with a higher sense of an entrepreneurial mindset and greater inclination towards leadership than college students in the EMS. Table 6 shows that Fellows enter with a similar score on the Innovation Self-Efficacy construct and a much higher score on Career Goals: Innovation work construct than the national sample, suggesting they have a desire to be innovative but are not yet equipped with the skills. By the end of training, their scores on both these constructs dramatically increase, suggesting that the program is attracting students who are exceptionally motivated to pursue careers in innovation and is making a measurable impact in these areas. The application process itself is by design extensive, resulting in a self-selecting group of students willing to put in the effort to join the program and able to secure financial sponsorship from their institution.
Factors associated with individual success
The UIF program has supported over 600 students to date. Among the 132 respondents from cohorts 6 and 7, we find no evidence that background characteristics influence the success of the student, suggesting that the program is effective for any student. The program itself appears to be an engaging and effective model for all students. There is no correlation between success and gender, race, or socioeconomic background. There was also no correlation between success and academic status or major. No correlation emerged between success and cohort. There was a slight but statistically significant negative correlation between participation in a leadership circle and success.
Success at the institutional level
The UIF project has also resulted campus-based change. According to sponsors, the most common way students learn about I&E is through extracurricular activities. Ninety-seven percent of Sponsors would sponsor another Fellow in the future, demonstrating clear value offered through the UIF program. When asked why they would sponsor another Fellow, the common themes include: to continue to make change on campus, the ability of Fellows to engage other students, and the student's own professional development. Table 7 presents UIF's efforts to broaden and strengthen the options for students: C6 & C7 Fellows organized 112 unique events including lectures, workshops, hackathons, extended challenges and competitions, and club meetings. These events were designed to promote awareness of and advocate for I&E, deliver content, provide professional development to their peers and/or to develop strategic plans, and promote collaboration. While these events primarily target students, they also reach administrators, professionals, and industry partners.
Fellows from these 2 cohorts also established 35 unique spaces at 29 schools. Most of these spaces were innovation spaces or maker spaces. Some were simple spaces to facilitate teamwork and brainstorming, and others were more complex with ideation space, small prototyping electronics, mechanical prototyping tools, and power tools.
A correlation analysis between the success score for Fellows and the success score for institutions shows a weak but statistically significant relationship (p<.01). Variables such as continuity of Fellows, leadership circles, and the level of diversity within leadership circles did not seem to make a difference. However, the schools that had the highest evidence of change as reported by the Fellows were more likely to have a mixed-gender team (Table 8) . Fellows serve as change agents on campus, providing their peers with exposure to I&E and advocating for greater opportunities on campus for students to participate in I&E offerings. Most of the Fellows' Sponsors are also champions of I&E on campus, suggesting that they are also trying to affect change. Though there is no explicit requirement that Fellows and Sponsors work together, they often collaborate on similar goals and such collaboration is strongly encouraged by the program.
Sponsors commented on the value Fellows add through their ability to work across boundaries in a way faculty sometimes struggle. Sponsors report that Fellows can "easily promote crossdisciplinary collaboration," are "the most effective means for stimulating I&E amongst the student body," and that although "there are protocols for getting things done on campus which make the environment for something new wholly restrictive, the Fellows have a path for starting new things which are clearly needed, but which would never be supported by the older faculty." One sponsor reported that "The University Innovation Fellows Program has united many departments that were not previously working together. This has been one of the greatest benefits, cross disciplinary collaboration. It's an important part of our campus innovation activities and has already demonstrated solid impact."
Fellows are most effective at promoting awareness and engaging students. A Sponsor wrote, "I think that Fellows are great student change agents on campus. Many times other students will try something for the first time not because faculty tell them they should but they observe that other students are capable of doing it." Fellows excel at serving as a "force for catalyzing change among the students" and one Sponsor reported that the UIF program "is the best mechanism we have found to stimulate and empower students to take the initiative in I&E. huge amount of energy and enthusiasm and put in a lot of effort trying to get a maker space and get equipment and implement curriculum...they met with roadblocks at every step." Another sponsor wrote, "I'd love to see them focus on a significant change and make a lasting impact/change. Right now they are just supporting existing events/activities. They are bringing more peers into those activities which is good. But I think they can do more."
A few Sponsors' comments provide insight into the challenges Fellows face while creating sustainable change, noting that it is "hard to expect students to impact core curriculum because they don't understand what drives core curriculum and how to influence change." Another noted that it "might help to train them in understanding the university bureaucracy." Lastly, one Sponsor summed up this sentiment writing, "I think the connection with university faculty and administration needs to be emphasized more. The Fellows are highly motivated but need to realize they need to actively engage faculty and administrators to make progress.
When asked to identify supports needed from the UIF, Sponsors requested help to further the partnerships between students and faculty. Although the Fellows are encouraged to work with faculty and other campus leaders, it is up to them to establish and embrace these relationships. It is unclear what percentage of Fellows take on new, independent projects and what percent are working in concert with faculty and staff on campus.
Some Sponsors requested additional training and access to the same resources as the Fellows to provide further support, reinforce concepts, and also to improve their own work.
Strengthening the Fellow-Sponsor relationship and spreading active learning approaches are priorities of the UIF program that will hopefully lead to more systematic and sustainable change. One Sponsor demonstrated this value by writing, "[The UIF's] efforts were more studentfocused and my efforts were more administration and faculty-focused. Together, we helped bridge the two groups."
Collectively, these results point at the effectiveness of the University Innovation Fellows program in activating students as agents of change to support the inclusion of I&E in engineering education and beyond. This approach, and particular strategies and metrics discussed here, could be very well leveraged by other programs that aim to create institutional change and those that work with a similar demographic group.
